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3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The rate of PNN is the method of manufacturing the PNN-PT-PZ solid-solution 
electrostrictive ceramics of a high high grade, as a start raw material A lead oxide (PbO), nickel oxide 
(NiO), a niobium oxide (Nb 205), It casts, after using titanium oxide (Ti02) and a zirconium oxide 
(Zr02), carrying out weighing capacity so that a lead oxide (PbO) may become superfluous rather than 
perovskite composition of the solid solution shown in the claim 1, and mixing with wet blending etc. 
The manufacture method of Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 solid-solution electrostrictive 
ceramics which consists of calcinating and producing a sintered compact after heat-treating in the 
atmosphere, dissolving an unreacted object subsequently, separating a particle and fabricating the 
obtained particle. 

[Claim 2] Pb(nickell/3Nb 2/3) 03 of a compound perovskite-type compound Simple perovskite-type 
compounds PbTi03 and PbZr03 In the ceramics made into a principal component When X mol % and 
PbTi03 were made and PbZr03 is made into Z mol % for the inside of the triangular coordinate which 
makes the peak Pb(nickell / 3 Nb 2/3) 03, PbTi03, and PbZr03, and Pb(nickell / 3 Nb 2/3) 03 Y 
mol% (however, it is referred to as X-f Y-i-Z=100.) The method according to claim 1 of manufacturing 
the solid-solution electrostrictive ceramics which makes a principal component composition in the 
triangle which makes a vertex composition (X- 52, Y= 34, Z= 14), composition (X= 49, Y= 37, Z= 14), 
and composition (X= 49, Y= 34, Z= 17). [Claim 3] The method according to claim 1 of adding a lead 
oxide (PbO) superfluously to perovskite composition, and performing heat-treatment at 950-1000 
degrees C in the atmosphere for 1 to 2 hours. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the solid-state with which this invention is represented 
by the ceramic actuator - a variation rate ~ the variation rate which was markedly alike and was 
superior to the electrostrictive ceramics manufactured by the conventional manufacture method in more 
detail about the electrostrictive ceramics used as a material of an element, and its manufacture method ~ 
Pb(nickell / 3 Nb 2/3) 03-PbTi03-PbZr03 which shows a property It is related with the manufacture 
method of solid-solution electrostrictive ceramics and the solid-solution ceramics concerned, the 
electrostrictive ceramics of this invention — a solid-state ~ a variation rate -- the solid-state which is 
useful as an element and is represented by the actuator in this material — a variation rate — applying to 
an element ~ the conventional sohd-state — a variation rate — the solid-state in which one several times 
the big variation rate of an eleiment is shown — a variation rate an element is realized and expansion of 
the applicable field of a sohd-state variation element, a large miniaturization, and reduction of driver 
voltage can be expected 
[0002] 

[Description of the Prior Art] a miniaturization and intelligent-izing of recent years and electronic 
equipment ~ following ~ a solid-state — a variation rate — the importance of the ceramic actuator as an 
element is increasing It is PbTi03-PbZr03 which is the sohd solution of PbTi03 (it may be hereafter 
indicated as PT), and PbZr03 (it may be hereafter indicated as PZ) which is a perovskite-type 
compound as a present and ceramic actuator material. The solid solution (it may be hereafter indicated 
as PZT) is mainly used. Moreover, it is Pb(nickell / 3 Nb 2/3) 03 of a compound perovskite-type 
compound to this solid solution. (It may be hereafter indicated as PNN.) (It may be hereafter indicated 
as PNN-PT-PZ.) The so-called PNN-PT-PZ solid solution can be sintered at temperature lower than the 
PZT sohd solution. From a comparatively big distortion (-0.12%) being shown in near 50mol%PNN- 
35moJ%PT- 15mo]%PZ composition It is observed as a ceramic actuator material of the next generation 
(bibliography : "the new actuator handbook for precision control" the volimie on Japan Technology 
Transfer Association solid-state actuator research section meeting, FUJI Techno System, 1994). 
[0003] 

[Problem(s) to be Solved by the Invention] the variation rate demanded on the occasion of application of 
a ceramic actuator although use of a ceramic actuator is considered in various industrial fields in recent 
years - the variation rate obtained with the conventional piezo-electric ceramic material to a property - 
development of a ceramic actuator material inadequate [ the amount ] and new, and the variation rate of 
the conventional material - much more improvement in a property has become an important technical 
problem then, as a result of considering wholeheartedly the manufacture method of the PNN-PT-PZ 
solid solution, this invention persons find out the manufacture method of the electrostrictive ceramics 
which has the distorted property which was markedly alike and was excellent compared with the 
conventional electrostrictive ceramics, and the electrostrictive ceramics concerned, and came to 
complete this invention It is known that it is very difficult for PNN which are the main components of 
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the PNN-PT-PZ solid solution to obtain the single phase of perovskite by the conventional ceramic 
manufacture method. Moreover, it was difficult to obtain the ceramics of a high grade by the 
conventional ceramic manufacture method also about manufacture of the PNN-PT-PZ solid solution 
with the high rate of PNN. however, when the manufacture method of the new electrostrictive ceramics 
developed by this invention persons was used, development of the ceramics which have easily the 
distorted property which was markedly alike compared with the conventional PNN-PT-PZ 
electrostrictive ceramics, and was excellent possible [ manufacture of the PNN-PT-PZ solid-solution 
electrostrictive ceramics of a high grade ] consequently was attained 
[0004] 

[Means for Solving the Problem] this invention which solves the above-mentioned technical problem 
consists of the following technical means. 

The rate of PNN is the method of manufacturing the PNN-PT-PZ solid-solution electrostrictive cerEimics 
of a high high grade. (1) As a start raw material A lead oxide (PbO), nickel oxide (NiO), a niobium 
oxide (Nb 205), It casts, after using titanium oxide (Ti02) and a zirconium oxide (Zr02), carrying out 
weighing capacity so that a lead oxide (PbO) may become superfluous rather than perovskite 
composition of the sohd solution shown in the claim 1, and mixing with wet blending etc. The 
manufacture method of Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 solid-solution electrostrictive 
ceramics which consists of calcinating and producing a sintered compact after heat-treating in the 
atmosphere, dissolving an unreacted object subsequently, separating a particle and fabricating the 
obtained particle. 

(2) Pb(nickell/3Nb 2/3) 03 of a compound perovskite-type compound Simple perovskite-type 
compounds PbTi03 and PbZr03 In the ceramics made into a principal component When X mol % and 
PbTi03 were made and PbZr03 is made into Z mol % for the inside of the triangular coordinate which 
makes the peak Pb(nickell / 3 Nb 2/3) 03, PbTi03, and PbZr03, and Pb(nickell / 3 Nb 2/3) 03 Y 
mol% (however, it is referred to as X+Y+Z=100.) The method of the aforementioned (1) pubUcation 
which manufactures the solid-solution electrostrictive ceramics which makes a principal component 
composition in the triangle which makes a vertex composition (X= 52, Y= 34, Z= 14), composition (X= 
49, Y= 37, Z= 14), and composition (X= 49, Y= 34, Z= 17). (3) a perovskite - composition — a lead 
oxide (PbO) — superfluous— adding — the atmosphere - inside - 950 - 1000 ~ degree C — one - two ~ 
an hour — heat-treatment ~ carrying out — (— one — ) — a publication ~ a method . 
[0005] 

[Embodiments of the Invention] Next, it explains still in detail about this invention. Pb(nickell / 3 Nb 
2/3) 03-PbTi03-PbZr03 which has the distorted property which boiled markedly this invention which 
solves the above-mentioned technical problem rather than the conventional electrostrictive ceramics, and 
was excellent It is related with the manufacture method of solid-solution electrostrictive ceramics and a 
piezo-electric ceramic. By using for manufacture of a ceramic actuator the highly efficient 
electrostrictive ceramics manufactured by this manufacture method, it becomes possible to manufacture 
the ceramic actuator in which one several times the variation rate of this is shown compared with the 
conventional ceramic actuator, and a raise in displacement and a miniaturization with a large ceramic 
actuator, and reduction of driver voltage are realized. 

[0006] By the method of this invention, a lead oxide (PbO), nickel oxide (NiO), a niobium oxide (Nb 
205), titanium oxide (Ti02), and a zirconium oxide (Zr02) are used as a start raw material. For such 
material, predetermined is 5PbO+0.5NiO+0.5Nb2 O5+1.05TiO2+0.45ZrO2 comparatively. After 
mixing, it fabricates in proper forms, such as a tablet and a prism, and heat-treats at 950-1000 degrees C 
suitably among the atmosphere for 1 to 2 hours. As the mixed method of material, as dry blending, wet 
blending, and the molding method, although heat-treatment in the atmosphere is illustrated as a suitable 
thing as a die-press method, the wet pressing method, and the heat-treatment method, it is not limited to 
these. The heat-treated material dissolves an unreacted object using acid solution, for example, 1-N 
acetic-acid solution, and separates a particle by filtration operation. Next, after casting the obtained 
particle with a die-press machine, among PbO atmosphere or the atmosphere, it calcinates at 1 100-1300 
degrees C for 1 to 3 hours, and a sintered compact is produced. As a sintering means, although a 
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sintering process, a pressure-sintering method, etc. are usually illustrated, it is not limited to these, for 
example. 

[0007] In this invention, it is important for perovskite composition to heat-treat PbO above to add 
superfluously aiid 950 degrees C. It is desirable to add a lead oxide (PbO) to the perovskite composition 
of one mol of said solid solution, in this case, so that about one mol may become an excess. By the 
sample which added PbO superfluously to perovskite composition, the yield of a perovskite phase 
increases clearly, consequently the manufacture of the PNN-PT-PZ solid-solution electrostrictive 
ceramics of a high grade of it is attained so that a postscript may be carried out. The electrostrictive 
ceramics of this invention is manufactured by the above-mentioned method, as the electrostrictive 
ceramics concerned Pb(nickell/3Nb 2/3) 03 PbTi03 And PbZr03 is set to the ceramics made into a 
principal component. Pb (nickel 1 / 3 Nb 2/3) ~ case where X mol % and PbTi03 were made and 
PbZr03 is made into Z mol % for 03, PbTi03, and PbZr03 Y mol% The inside of the triangular 
coordinate made into the peak, and Pb(nickell/3Nb 2/3) 03 (however, it is referred to as X+Y+Z=100.) 
The electrostrictive ceramics which makes a principal component composition in the triangle which 
makes a vertex composition (X= 52, Y= 34, Z= 14), composition (X= 49, Y= 37, Z= 14), and 
composition (X= 49, Y= 34, Z= 17) is used as a suitable thing. In order to improve or stabilize an 
actuator property in the above-mentioned electrostrictive ceramics, manganese oxide (MnO), a 
strontium oxide (SrO), etc. are suitably added by the minute amount other than PbO, NiO, and Nb 205. 
The distortion more than electrostrictive ceramics with the PNN-PT-PZ electrostrictive ceramics of this 
invention existing in the above-mentioned composition region is obtained. The sohd solution 
manufactured by the method of this invention is the particle of the 0.5-1 -micrometer cube excellent in 
dispersibility, and the precise sintered compact of 90% or more of relative density is obtained by 
sintering this. 
[0008] 

[Function] Since it was very difficult to obtain the PNN perovskite phase of a high grade by the 
conventional ceramic manufacture method, although it was difficult to manufacture the PNN-PT-PZ 
solid-solution electrostrictive ceramics of a high grade, composition of the electrostrictive ceramics 
which the manufacture of piezo-electric high grade ceramic raw material fine particles of will be 
attained if the manufacture method which this invention persons developed is used, consequently has a 
big distorted property was discovered, and use to a ceramic actuator was attained. The increase in a 
marked deformation amount is achieved by the homogeneity of composition, and achievement of a high 
grade by the synthetic method of this invention. The homogeneous difference of composition of the 
particle manufactured below according to the conventional ceramic manufacturing method and the 
manufacturing method of this invention is explained in full detail. The sohd phase reaction used by the 
conventional ceramic manufacturing method is an uneven reaction that the synthetic reaction of the solid 
solution advances from the point of contact of a raw material particle. Some composition change has 
arisen to the particle which composition of the xmiform solid solution is very difficult the particle, and 
was generally essentially manufactured by the conventional ceramic manufacturing method from the 
mass transfer rate in the inside of solid phase being extremely slow compared with other reaction places, 
such as a gaseous phase and the hquid phase. Thus, by the particle manufactured by the conventional 
ceramic manufacturing method, there is a distribution of diffuse composition, and since solid-solution 
composition and the distorted property are closely related, a manifestation of the distorted property of 
solid-solution original cannot be desired. On the other hand, by the method of this invention, the liquid 
phase of a lead oxide is used as a reaction place, according to this method, the mass transfer rate in the 
liquid phase is markedly boiled compared with the case of solid phase, and a homogeneous high solid- 
solution particle with little composition change is obtained from a quick thing Therefore, it was 
expected that the distorted property which the solid solution originally has has discovered the particle 
manufactured by the manufacturing method of this invention, and the improvement of a large distorted 
property was achieved compared with the fact and the conventional ceramic manufacturing method. 
That is, it is thought that the solid-solution particle manufactured by this invention has the high 
homogeneity of a particle compared with the particle obtained by the conventional ceramic . 
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manufacturing method, and it completely differs qualitatively. 

[0009] \ - . 

[Example] Below, based on an example, this invention is explained concretely. However, this invention 
is not limited at all by the example concerned. 

The ceramics compounded by the example 1 method this example are PbTi03 which are compound 
perovskite-type compound Pb(nickell / 3 Nb 2/3) 03 (henceforth, PNN) and a simple perovskite-type 
compound. (PT) and PbZr03 They are the solid solution of (PZ), and the so-called PNN-PT-PZ soUd 
solution. About this compound, in the composition field containing many PNN(s), it is known for the 
usual ceramic composition method that it is difficult to obtain the single phase of perovskite, and the 
particle of the single phase of perovskite came to be obtained in a comparatively simple manufacture 
procedure by using the epoch-making manufacture method described below. 
[0010] While compounding the particle near [ which attracts attention as composition suitable for 
ceramic actuator material ] 50mol%PNN-35mol%PT-15mol%PZ composition, the sintered compact was 
produced, and this example estimated those displacement properties. 

[001 1] 2) As a synthetic start raw material of a particle, the lead oxide (PbO), the nickel oxide (NiO), the 
niobium oxide (Nb 205), the titanium oxide (Ti02), and the zirconium oxide (Zr02) of a special grade 
chemical were used. After carrying out wet blending of these to a predetermined rate, it cast to the tablet 
and heat-treatment was performed at 950 degrees C among the atmosphere for 1 hour. About the heat- 
treated sample, the unreacted object was dissolved using 1-N acetic-acid solution, and the particle was 
separated. 

[0012] 3) after fabricating the manufacture profit * *** particle of a sintered compact, among PbO 
atmosphere, it calcinated at 1220 degrees C for 3 hours, the sintered compact was produced, and 
dielectric characteristics and the piezo-electric property were investigated using the impedance analyzer 
and the laser type displacement gage, respectively That is, about the sintered compact, after carrying out 
press forming of the particle obtained by the above-mentioned synthetic method to the shape of a disk 
with a diameter of 12mm by 200MPa(s), baking was performed at 1220 degrees C among PbO 
atmosphere for 3 hours. Then, by grinding the front face of a sintered compact, it carried out to 1mm in 
thickness, and printed on both sides of a sintered compact, and the silver electrode was formed by law. 
[0013] 4) By the sample which added PbO superfluously, the yield of a perovskite phase increased to a 
result, consequently perovskite composition clearly, and by heat-treating above 950 degrees C showed 
the single phase and bird clapper of perovskite. 

[0014] The sohd solution manufactured by this manufacture method is the particle of the 0.5-1- 
micrometer cube excellent in dispersibility, and the precise sintered compact of 90% or more of relative 
density was obtained by sintering these particles. 

[0015] 5) the property of a sintered compact — after performing polarization processing for the sintered 
compact of these by mm in 2kV /among silicone oil for 1 hour, the piezo-electric property was 
investigated Consequently, generating of a big electric-field induction distortion was observed by all 
samples. In the case of the 50mol%PNN-35mol%PT-15mol%PZ sintered compact which attracts 
attention as composition of ceramic actuator material especially in recent years, it is the conventional 
manufacture method. To the manufactured sintered compact generating about 0.1% of distortion, with 
the sintered compact produced by the manufacture method of this invention, about 0.3% of distortion 
was observed and the improvement in one about 3 times the distorted property of this was accepted 
compared with the conventional electrostrictive ceramics. 
[0016] 

[Effect of the Invention] as explained in full detail above, this invention relates to the manufacture 
method of the electrostrictive ceramics which shows the distorted property which was markedly alike 
and was excellent compared with the conventional electrostrictive ceramics, and its raw material fine 
particles By this invention, the electrostrictive ceramics of a high grade with the high rate of IPNN can 
be obtained easily. 2) The particle of the single phase of a perovskite is obtained in a comparatively 
simple manufacture procedure. 3) The electrostrictive ceramics which has one about 3 times the 
distorted property of this compared with the electrostrictive ceramics of 4 former which the yield of a 
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perovskite phase increases remarkably can be manufactured. 5) By using the electrostrictive ceramics of 
this invention as a ceramic actuator material, it is possible to offer the highly efficient ceramic actuator 
in which one several times [ over the past ] the variation rate of this is shown, and the exceptional effect 
that the industrial value is very large is acquired. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] a miniaturization and intelligesnt-izing of recent years and electronic 
equipment - following - a solid-state — a variation rate — the importance of the ceramic actuator as an 
element is increasing It is PbTi03-PbZr03 which is the solid solution of PbTi03 (it may be hereafter 
indicated as PT), and PbZr03 (it may be hereafter indicated as PZ) which is a perovskite-type 
compound as a present and ceramic actuator material. The solid solution (it rnay be hereafter indicated 
as PZT) is mainly used. Moreover, it is Pb(nickell / 3 Nb 2/3) 03 of a compound perovskite-type 
compound to this solid solution. (It may be hereafter indicated as PNN.) (It may be hereafter indicated 
as PNN-PT-PZ.) The so-called PNN-PT-PZ solid solution can be sintered at temperature lower than the 
PZT solid solution. From a comparatively big distortion (-0.12%) being shown in near 50mol%PNN- 
35mol%PT-15mol%PZ composition It is observed as a ceramic actuator material of the next generation 
(bibhography : "the new actuator handbook for precision control" the volume on Japan Technology 
Transfer Association solid-state actuator research section meeting, FUJI Techno System, 1994). 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is explanatory drawing having shown the relation between the electric-field induction 
distortion by 1500v [/mm ] impression electric field, and compQsition in the room temperature of the 
sintered compact produced by the method of an example. 

[Drawing 2] It is explanatory drawing having shown the impression electric field of a sintered compact 
and the relation of electric-field induction distortion which were produced by the method of an example. 
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DRAWINGS 
[Drawing 1] 
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